ABSTRACT: No-take marine reserves can be effective biodiversity conservation and fisheries management tools, but as yet there is little indication of whether rotational management, i.e. alternately closing and opening an area to fishing, might also confer such benefits on coral reef fish stocks. Using data taken from the state of Hawaii's long-term reef monitoring program, we have assessed the effects of more than 2 decades of rotational management on fish stocks at the Waikiki-Diamond Head Fishery Management Area (FMA) on Oahu, Hawaii. Fish biomass tended to increase during the 1 to 2 yr closure periods, but the scale of these increases was insufficient to compensate for declines during open periods. The net effect was that, between 1978 and 2002, total biomass declined by around two-thirds. Coincident with this decline was the virtual disappearance of large fishes (> 40 cm) of fishery-target groups: acanthurids, scarids and mullids. Such fishes, although initially common, were only rarely recorded in surveys after 1990. In 1988, a portion of the FMA was converted into the permanently closed Waikiki Marine Life Conservation District (MLCD). Assessment of the relative effectiveness of permanent and rotational closure is complicated by declines in habitat quality, particularly within the MLCD, caused by overgrowth of much of the reef by the alien algae Gracilaria salicornia, which began in the early 1990s. However, the initial effect of full closure was a reversal of the previous downward trend in fish biomass, and, even in the post habitat-decline period, biomass of target species within the MLCD has been nearly twice as high as in the FMA. Additionally, there have been no declines or even downward trends in maximum size of target families in the MLCD. Overall, rotational management, as implemented at the Waikiki FMA, has not been an effective means of conserving fish stocks or revitalizing public fishing grounds.
INTRODUCTION
From a biodiversity-conservation perspective, there is little doubt that no-take marine reserves can be extremely effective: well-protected reserves generally have more and larger fishes, particularly of fisherytarget species, than comparable unprotected areas or in comparison to pre-closure populations (Polunin & Roberts 1993 , Edgar & Barrett 1999 , McClanahan & Arthur 2001 . However, a nearly inevitable consequence of prohibiting fishing will be some cost or loss of utility to excluded user groups including recreational and commercial fishers (Badalamenti et al. 2000 , Sladek Nowlis & Friedlander 2005 . Over time, spillover of adult fishes or enhanced export of larvae from no-take reserves may lead to net benefits to fishers in connected areas (McClanahan & Mangi 2000 , Roberts et al. 2001 , 2004 , Sladek Nowlis & Friedlander 2005 ; however, uncertainty as to the likely scale of such benefits in any given situation, together with the fact that protection needs to be effective for an extended period for a reserve to work as a fishery management tool (Russ & Alcala 1999) , means that no-take reserves are not an unproblematic solution to balancing conservation with extractive use.
One at least superficially attractive alternative might be to manage an area by some form of rotational strategy, i.e. alternately opening and closing an area to fishing, the rationale being that fish stocks would recover sufficiently during periods of closure for them to be better able to sustain fishing during open periods. Such a strategy might therefore achieve some conservation goals while mitigating the drawbacks associated with permanent closure. Rotational closures appear to have utility for sedentary invertebrate stocks such as scallops and abalone (Sluczanowski 1984 , Myers et al. 2000 , Hart 2003 ), but we are not aware of any previous study on the effectiveness of rotational management of coral reef fish stocks.
Being a populous coastal state with large numbers of commercial, recreational and subsistence fishers, Hawaii has a pressing need for practical and effective marine resource management strategies. Over the past 100 yr the coastal fisheries in Hawaii have undergone enormous changes, including substantial declines in overall catch and size of highly prized and vulnerable species (Shomura 1987 (Shomura , 2004 , raising concerns about the long-term sustainability of these stocks (Friedlander & DeMartini 2002 , Friedlander & Ziemann 2003 . Overfishing is often cited as the primary reason for the declining resources, by both general ocean users and commercial fishers themselves (DAR 1988 , Harman & Katekaru 1988 , Maly & Pomroy-Maly 2003 . Local experience has shown that rotational closure is much more acceptable to many fishers than permanent closure. In Hawaii and other areas of the Pacific this may partly be due to the perception that temporary closures are a form of traditional resource management, e.g. 'kapu', 'taboo', 'ra'ui' (Johannes 1978 , Caillaud et al. 2004 . Additionally, rotational closures are viewed as not 'locking away' resources forever (W. J. Walsh pers. obs.). In the 1970s, resource managers of Hawaii's Division of Aquatic Resources (DAR) considered implementing a rotational-closure strategy for the entire coast of the island of Oahu, with different portions of the coastline closed in different years, but after negotiation with local stakeholders decided instead to introduce rotational management in a much more limited way, i.e. only in the Waikiki-Diamond Head Shoreline Fishery Management Area (FMA), which was established in 1978 (M. Yamamoto, Hawaii DAR, pers. comm.). The stated objectives of the FMA were to preserve, protect, conserve, propagate and manage marine life for the revitalization of public fishing grounds (Division of Fish & Game 1977) .
Herein we use data taken from the long-term monitoring of fish populations in the Waikiki FMA to assess how fish stocks have changed over the course of more than 2 decades of rotational management both in terms of the short-term responses to alternating opening and closing the area, and also over the longer-term. Since in 1988, 10 yr after the creation of the rotationally managed area, a portion of this area was converted into the permanently closed Waikiki Marine Life Conservation District (MLCD), we were able to compare fish populations under those 2 management regimes both before and after the change in management status. Finally, using data taken from a recent large-scale study of Hawaiian coral reefs under different levels of management, we compared fish populations in the rotationally managed FMA, the fully closed MLCD, and from completely unprotected reefs on the southeast coast of Oahu.
MATERIALS AND METHODS
Study location and management history. The original boundaries of the Waikiki-Diamond Head FMA extended along approximately 2.5 km of shoreline at the southeastern corner of the island of Oahu, Hawaii, from the high-water mark to 500 yards (457 m) offshore, or to the seaward edge of the fringing reef where this lies further offshore (Fig. 1) . For the first 10 yr of its existence, i.e. between 1978 and 1987 , the FMA operated on a 4 yr cycle: 2 yr of closure followed by 2 yr in which fishing was permitted, with only hookand-line fishing permitted in the first year, and all forms of fishing except nighttime spearing and gillnetting in the second year. In 1988, a portion of the FMA was converted into a permanently closed area, becoming the Waikiki MLCD (Fig. 1) , and the rotational cycle in the area remaining within the FMA was changed to 1 yr open followed by 1 yr closed, with all fishing methods other than gillnetting and nighttime spearing permitted in open years.
The large majority of reef areas within the FMA and MLCD consist of shallow (≤ 2 m) patch reefs and uncolonized pavement separated by sand patches. Reef condition is currently poor throughout most of this area: coral cover is generally low, and much of the available substrate has been overgrown by macroalgae. However, small areas of fringing reef on the seaward edge of the Waikiki FMA still have moderately high complexity and coral cover (I. D. Williams pers. obs.). Numerous anecdotal reports indicate that habitat quality has declined considerably on Waikiki reefs over the last 2 decades, but the absence of long-term benthic data means that the cause and timing of this decline are uncertain. A key factor in the apparent decline, particularly within the MLCD, has almost certainly been overgrowth of much of the reef by the alien alga Gracilaria salicornia. G. salicornia, which is relatively unpalatable to Hawaiian herbivorous fishes, was introduced in a limited way onto Waikiki reefs in 1971 for experimental aquaculture, but has since become the dominant benthic organism in large portions of the MLCD and, to a lesser extent, in adjacent areas of the FMA (Smith et al. 2004) .
The small amount of quantitative information on algal abundance which we have been able to obtain comes from a single transect located within 50 m of the current boundary between the FMA and the MLCD which has been sporadically surveyed by University of Hawaii students since 1975. At this location, Gracilaria salicornia populations exploded sometime between 1990 and 1995: having not been recorded at all between 1975 and 1990, it had become the dominant alga by 1995 and has remained so in all subsequent surveys, with wet weight varying between 0.4 and 1.8 kg m -2 (R. A. Kinzie unpubl. data).
Monitoring. Staff of Hawaii's DAR have monitored fish populations in back-reef and reef-flat areas of the FMA and MLCD using an unvarying methodology throughout: 4 nearly contiguous transects with fixed start and end points, covering almost the entire length of the managed area, and varying in length between 450 and 600 m, have been surveyed annually, generally several times per year, by pairs of snorkellers swimming in parallel and counting all fishes within non-overlapping 10 ft (3 m)-wide belts (1.5 m on either side of each observer). For all fishes observed, fish sizes were estimated to the nearest inch (2.5 cm). Counts from the 2 observers were then pooled and recorded on a single data sheet per transect per survey. Between 1979 and 1986 each transect was sur- 3  3  3  3  1991  Closed  ----1992  Open  ----1993  Closed  2  2  2  2  1994  Open  ----1995  Closed  2  2  2  2  1996  Open  3  3  3  3  1997  Closed  2  2  2  2  1998  Open  2  2  2  2  1999  Closed  3  3  3  3  2000  Open  2  2  2  2  2001  Closed  2  2  2  2  2002  Open  2  2 1978, 1991, 1992 or 1994 . Over the 23 yr for which we present data, there was a steady turnover of survey staff, so that in total more than 30 different observers worked on the program. While differences among observers can be a source of survey error (Kulbicki & Sarramegna 1999) , we see no reason to believe that such regular changes in staff would have introduced any consistent bias. Data-handling and analysis. The boundary between the FMA and the MLCD is near the end of the original 'Kapahulu' transect ( Fig. 1) . Therefore, only 3 of 4 transects (Natatorium, West Otani's, and Lighthouse: Table 1 , Fig. 1 ) were within FMA boundaries throughout the entire period for which we have data. So that assessments of long-term trends within the FMA are for the same areas throughout, all estimates of FMA biomass or abundance are based on surveys of these 3 transects only. The reef area surveyed on the other transect (Kapahulu) was originally within the FMA, but has been permanently closed to fishing since the MLCD was established in 1988, and therefore biomass and abundance estimates for the area are henceforth designated 'Kapahulu/MLCD'.
For the purposes of analysis, fish survey data were pooled into a number of broad categories: (1) all fish combined; (2) family; or (3) fishery-target or non-target species. Fishery-target species used in the analysis are listed in Table 2 .
The majority of the results are based on estimated biomass of fishes, calculated using size-toweight conversion parameters from FISHBASE (FISHBASE 2000; available at www.fishbase.org/ home.htm) or the Hawaii Co-operative Fisheries Research Unit at the University of Hawaii.
Pelagic or semipelagic fishes, specifically scombrids, sharks, sardines, anchovies and the Hawaiian ladyfish Elops hawaiensis, were excluded from analyses of monitoring data on the basis that (1) they were presumed to be passing through rather than being in any meaningful way resident in the surveyed areas, and (2) they were only rarely encountered, but tended to have very high biomass when present, such that they overwhelmed the biomass of resident reef fishes in those counts in which were present. Additionally, relatively low sampling replication within the MLCD, particularly from 1990 onwards (Table 1) meant that MLCD data were prone to large variability due to occasional encounters with schools of rare but high-biomass fishes. Therefore, 2 such species (Acanthurus xanthopterus and Caranx ignobilis) were excluded from estimates of target species biomass. These species together averaged less than 1% of the total target species biomass in the FMA and MLCD over the full sampling period, but both dominated estimated MLCD fish biomass in single years: A. xanthopterus making up 55% of total MLCD biomass in 2002; and C. ignobilis being 43% of MLCD biomass in 1996.
Analysis of trends in the maximum size of fishes in 3 families targeted by fishers (acanthurids, scarids, mullids) were calculated by first determining the size of the largest individual in each of these families in each survey, and then calculating annual means of those values for the area of interest. Long-term trends in biomass, abundance, and maximum length were analyzed using Spearman's rank correlation test. Comparisons between fish populations in FMA and Kapahulu/MLCD were made using paired t-tests of estimated fish biomass, the pairs being FMA and Kapahulu/MLCD data from the same year. Assessment of the significance of changes in biomass during alternating periods of closure/opening to fishing were based on paired t-tests of data calculated from fish surveys during the last 6 mo of any fished or protected period. For example, the test of the effects of closure was based on biomass data from the last 6 mo prior to each closure period, i.e. July to December 1981, July to December 1985, etc., paired in each case with data from the last 6 mo of the subsequent closed period i.e. July to December 1983, July to December 1987, etc. (Table 3 ). We did not use earlier data in the openclosed cycles because we wanted to maximize the period of time in which fishing/closure could affect fish populations while still selecting data covering a period long enough to allow sufficient surveys and thus reasonable estimates of fish biomass.
Data from other surveys at FMA, MLCD and Waikiki 'open' reefs. In addition to the long-term monitoring data for Waikiki FMA and MLCD, we also use data from an ongoing study conducted by the National Oceanic and Atmospheric Administration (NOAA), DAR and partners to evaluate the efficacy of marine park areas (MPAs) in Hawaii. During the ongoing study, between January and April 2002 fishes and habitat were surveyed along 99 transects (25 × 5 m each) in the Waikiki study area, i.e. Black Point to the Ala Wai Canal (Fig. 1) . The Waikiki MLCD (31 ha) and the FMA (97 ha) comprise approximately 4 and 13% respectively of that area (728 ha, Fig.  1) . A random sampling approach was utilized with samples stratified by management regime (MLCD, FMA, open to all fishing) and major habitat type (>10% live coral hard-bottom; <10% live coral hard-bottom, sand, and macroalgae) using NOAA's GIS (Geographic Information System)-based benthic habitat maps (A. M. Friedlander et al. unpubl.) . The minimum mapping unit (MMU) for habitat polygons was 1 acre (4046.9 m 2 ) (Coyne et al. 2003) . Habitat diversity at each survey location was calculated as the Shannon-Wiener diversity index H ' in ArcView, using areal cover of classified habitat types from the NOAA's benthic habitat maps and 100 and 200 m buffer areas around each sampling location.
A 1-way ANOVA was used to compare habitat diversities (H ') among management regimes. A comparison of fish biomass among management regimes was conducted using a nested ANOVA, with the 2 habitat types common to all 3 management strata (macroalgae; and <10% live coral, hard bottom) nested within management strata. Fish biomass (t ha -1 ) was ln(x + 1)-transformed prior to analysis. Unplanned multiple comparisons were tested using Tukey's HSD test (α = 0.05).
RESULTS

Trends in fish biomass and abundance
Within the FMA, fish biomass and abundance both declined substantially between 1979 and 2002 ( 
Trends in family and 'target' and 'non-target' species
There were clear differences between families frequently targeted by fishers, i.e. acanthurids, scarids, mullids, and carangids Fig. 3A-D) , and families that are not as heavily fished, i.e. labrids, balistids, chaetodontids and pomacentrids ( Fig. 3E-H) . Sharp declines in the biomass of target families were evident during the early years of the FMA, but since the mid-1990s, the biomass of these families appears to have leveled off. In contrast, the biomass of the less heavily fished groups generally increased in the early years after establishment of the FMA, but has declined since the mid-1980s ( Fig. 3E-H) . With the possible exception of pomacentrids, the net effect has been relatively little overall change in the biomass of these non-target families over the full period for which we have data. Fish biomass pooled into 'fishery-target' and 'nontarget' groups corroborate these patterns (Fig. 4) . Among target species, the scale of decline between 1979 and 2002 was dramatic, biomass having declined from 40 to 50 g m -2 in the early years after creation of the FMA to around 10 g m -2 in recent years (Fig. 4A) .
Short-term changes during closed and open periods
Within the FMA, the biomass of fishery-target species has tended to increase during periods of closure, and decrease during open periods (Fig. 5, Table 3 , paired t-tests p < 0.05 in both cases). However, the extent of the declines during the open periods has been greater than that of increases in the closed periods, and the net effect therefore has been a sawtooth pattern overlying an overall downward trend (Fig. 5) . 
Biomass of fishery-target species
Between 1979 and 1987, the biomass of fisherytarget species declined on both the FMA transects and the Kapahulu transect (Fig. 6 , Period i: both areas rotationally managed). During this period, there was no difference in target species biomass between the FMA transects and the Kapahulu transect (Fig.  6C, Table 4 ). Within the first few years after the creation of the MLCD, target species biomass increased dramatically within the MLCD, remaining relatively flat in the FMA (Fig. 6 , Period ii): between 1988 and 1990, the biomass of target species averaged nearly 40 g m -2 more in the MLCD than in the FMA (Fig. 6C, Table 4 ). There are very few data for the years between 1990 and 1995, but during that period, which coincided with the presumed period of proliferation of invasive algae in the MLCD, the biomass of fishery-target species declined substantially within the MLCD. However, even in the post habitatdecline period (Fig. 6C, Period iii) , target species biomass was significantly higher in the MLCD than in the FMA (Table 4) .
Trends in maximum fish size
Coincident with the downward trend in biomass within the FMA were substantial reductions in the size of the largest fishes observed during surveys. In the early 1980s, 40 to 50 cm acanthurids and scarids were commonly observed during fish-counts, but in recent years the maximum size recorded per survey has averaged around 30 cm for acanthurids and less than 20 cm for scarids (Fig. 7) . Very large scarids (> 50 cm), which were regularly encountered between 1979 and 1985 (115 of 376 surveys = 31%), have virtually disappeared from the FMA: individuals of this size have been recorded in only 3 of 78 surveys conducted since 1990. Less dramatic, but still significant declines in maximum size have also occurred in mullids (Fig. 7) . In contrast, there have been no declines or even downward trends in the maximum size of any of these families in the area now within the MLCD (Fig. 7) .
Reef habitats and fish assemblages
Macroalgae habitats, as defined by the NOAA benthic habitat maps, accounted for 39.7% of the total habitat within the MLCD but only 17.4% within the FMA, and 14.7% overall. There was no coral reef habitat (>10% live coral cover as defined by the NOAA benthic habitat maps, which have a minimum mapping unit of 1 acre [4046.9 m 2 ]) within the MLCD, but this habitat type accounted for 16.4% of the total habitat within the FMA, and 13.5% over the entire study area. Total fish biomass, from all habitats pooled, was 51% higher inside the MLCD than within the FMA and 63% higher than areas open to all fishing. Statistical differences in overall fish biomass were detected between the MLCD and the 2 other management strata, but no 145 1980 1985 1990 1995 2000 1980 1985 1990 1995 (Table 5 ). These differences were also evident in both habitat types common to all 3 management strata, with the MLCD possessing the highest biomass, and the open-access areas having the lowest biomass in both the macroalgae and <10% live coral hard-bottom habitats (Table 5) .
DISCUSSION
The evidence from the Waikiki FMA, that increases in fish biomass during the 1 or 2 yr closure periods were insufficient to compensate for declines during the equally short fishing periods (Table 3) , is consistent with a number of studies demonstrating that increases in biomass built up over several years of protection can be rapidly dissipated following the resumption of fishing. For example, the Sumilon Island Reserve in the Philippines has been closed to fishing since 1974, except for 2 periods when protection broke down, beginning in 1984 and 1992. In both instances, increases in fish biomass, which had built up over 9.5 and 5 yr respectively, were completely eliminated 18 mo to 2 yr after the breakdown of protection (Russ & Alcala 1998) . Similarly, following the reduction in size of a 4 yr old marine reserve in Mombassa, Kenya, initially high catch rates in the previously closed area lasted for only a few months after reopening (McClanahan & Mangi 2000) .
The severe decline in the maximum observed size of target fishes in the FMA clearly indicates that 1 to 2 yr closure periods were too short for individuals of these species to grow to anywhere near maximum size. There are, more generally, a number of reasons for believing that 1 or 2 yr periods of closure are too short for substantial recovery of coral reef fish stocks. Russ & Alcala (1996) , in a long-term study of 2 Philippine marine reserves, found that the largest increases in biomass of target fishes occurred after 5 or more years 146 of protection. They presumed that this was a consequence of delayed recruitment effects and that, in the first few years of protection, the fish stocks were dominated by very young fishes which do not accumulate as much biomass as fishes aged from 2 to 4 yr. While it might be possible to increase closure benefits of a rotational strategy by extending the duration of the closed period beyond the 1 or 2 yr implemented at Waikiki, it is important to recognize that full recovery in terms of ecological function, community structure, and total biomass, particularly of large predatory fishes, is likely to take 10 or more years following cessation of fishing (McClanahan 2000 , McClanahan & Arthur 2001 , McClanahan & Graham 2005 . Large fishes are not only prime fishery targets, but are also particularly important in terms of community fecundity (Sadovy 1996 , Birkeland & Dayton 2005 , ecological role (Friedlander & DeMartini 2002 , DeMartini et al. 2005 and their value to marine tourism (Williams & Polunin 2000) . Therefore, several fundamental conservation and management goals are unlikely to be achievable under any feasible rotational closure regime.
The paucity of long-term benthic data from surveyed areas makes it difficult to draw firm conclusions about the extent of, or consequences of, changes in habitat quality on Waikiki reefs. Over the period 1990 to 1995, when, it seems, MLCD reefs were becoming overgrown by Gracilaria salicornia, biomass of fishery-target species in the MLCD declined by about half. It is not unrealistic to suppose that much of that decline was driven by reduced habitat quality (perhaps in combination with reduced availability of more palatable algal species), as the direct consequences of overgrowth of the reef by 5 to 10 cm thick mats of G. salicornia (Smith et al. 2004 ) would include smothering of corals and infilling of crevices and holes in the reef, and subsequent reduction in the kind of structural complexity that appears to be necessary for reefs to sustain large and diverse fish populations (Friedlander & Parrish 1998 . Until at least 1990, target species biomass on the Kapahulu/MLCD reef consistently increased during closed periods, so it seems implausible that there would be such a dramatic drop in biomass between 1990 and 1995 without some reduction in either protection level or habitat quality, and we have no reason to believe that protection was any less effective post-1990. The onset of Gracilaria salicornia overgrowth so soon after the establishment of the MLCD complicates any assessment of the relative effectiveness of rotational and permanent closure of Waikiki reefs. There are, however, a number of reasons to believe that despite its small size (the length of shoreline within MLCD is < 700 m) and the probable impact of invasive algae, the MLCD has been considerably more effective than the FMA in conserving fish stocks: (1) since its inception, the biomass of target fishes has been consistently higher in the MLCD than in the FMA, even though there were no differences between these 2 areas when both lay within the original boundaries of the FMA (Fig. 6, Table 4) ; (2) in contrast to the FMA, there were no net declines or downward trends in maximum size of target fishes in the MLCD (Fig. 7) ; (3) in both habitat types common to the FMA and the MCLD in the larger-scale 2002 study ('macroalgae' and 'unconsolidated hard bottom'), mean fish biomass in the MLCD was approximately twice that in the FMA (Table 5 ). Whether fish stocks within the Waikiki FMA derived any persisting benefits from the 1 to 2 closure periods is difficult to judge. The only comparable data we have from the FMA and from fully unprotected areas on southeastern Oahu are for the large-scale 2002 survey, when FMA reefs had a non-significantly higher biomass of fishes than completely unprotected reefs (Table 5 ), but also a higher habitat diversity and greater structural complexity. It seems likely, therefore, that any sustained benefits of rotational closure were marginal at best. It is even possible that, by attracting 'derby fishing' (i.e. pulses of intensive fishing immediately after areas are reopened : Meyer 2003) , rotational closure might be counterproductive in this regard.
Even if rotational closure were unlikely ever to be an effective conservation strategy, it could still achieve other management goals. For example, closing an area to fishing for short to medium time periods could be a means of increasing yield per recruit by allowing fish to grow before they become vulnerable to capture (McCallum 1988 , Myers et al. 2000 . However, the findings of a 1998 to 2001 study of fishing activities in the FMA, MLCD and comparable fully open areas in southeastern Oahu (Meyer 2003) do not support the idea that the Waikiki FMA has been effective in this regard either. Although fishing effort and total yield (t km -2 ) were higher in the FMA than in fully open areas on the south coast of Oahu, catch per unit effort (CPUE) was actually lower in the FMA. The majority of yields, including almost all large individuals caught, came from small areas of structurally complex habitat on the seaward edge of fringing reefs, which were much more developed in the FMA than in the otherwise comparable fully open reefs (Meyer 2003) . Therefore, the lower CPUE in the FMA occurred despite the better habitat quality of this area. Additionally, net yield from the FMA was very low in absolute terms, averaging 0.58 t km -2 yr -1 between 1998 and 2001 (Meyer 2003) . Such low yield partially reflects the poor quality of much of the reef habitat at Waikiki, but is nevertheless an order of magnitude lower than published yields for fringing reefs elsewhere in Hawaii and the Pacific: Friedlander & Parrish (1997) estimated a yield of 3.6 t km -2 yr -1 from reefs in Hanalei Bay, Kauai, in 1992 to 1993, and other studies of yields from small fringing reefs around the Pacific range from 4.5 to 44.0 t km -2 yr -1 (Dalzell 1996) . In summary, despite short-term boosts to fish stocks and possibly also to fishers during or immediately after 1 to 2 yr periods of closure, the longer-term consequences of alternately opening and closing the Waikiki FMA have been very substantial declines in the biomass of fishery-target groups, together with the virtual disappearance of larger individuals of these groups. Rotational management, as implemented at Waikiki FMA, has not been an effective means of conserving fish stocks or revitalizing public fishing over the longer term.
